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GEOELECTRIC CHARACTERISTICS OF PORTIONS
OF THE RAHA FAULT ZONE AND SURROUNDING
ROCKS, JABAL AS SILSILAH QUADRANGLE,

KINGDOM OF SAUDI ARABIA

By

1/
Charles J. Zablocki and Mohammed O. Hajnour

ABSTRACT

Telluric-electric and auto-magnetotelluric measurements obtained in and
around the Raha fault zone in the Bugaya area indicate that it dips steeply to the
southwest. Large contrasts in the electrical properties of Qarnayn and Maraghan
metasedimentary rocks located on either side of the fault are characteristic of the
rocks within the fault zone. However, no large electrical contrasts were detected
along several segments of a southern branch of the main fault in the Shiaila area,
indicating that the rocks on either side of the fault are of similar composition.
Extremely low resistivity readings in the Bugaya and Shiaila areas are associated
with fracturing and clay-bearing gouge that accompany known shear zones. The
locations of several shallow plutons have been inferred from these studies, one of
which is probably a source of gold-bearing quartz veins in the metasedimentary
rocks of the Shiaila area.

INTRODUCTIONS

In mapping the geology of the Jabal as Silsilah quadrangle (sheet 26/42 D), du
Bray (1984) (fig. 1) identified a major structural feature, the Raha fault zone.
On the basis of physical and mineralogic considerations, du Bray (1983) and
Williams (1983) suggest that the Raha fault zone may represent a fundamental
structural discontinuity that penetrates the crust to a considerable depth.
Preliminary geochemical sampling (du Bray, 1983) of the various rock assemblages
that constitute the fault zone indicated the presence of areas of anomalous
concentrations of chromium, nickel, arsenic, zinc, copper, and gold. Because of
these initial findings, subproject 3.01.62 was established to assess the mineral
potential in and around specific parts of the fault zone. These investigations
were carried out by Smith (1985) along a 15-km segment of the fault zone near
the village of Buqaya. Since mineralization would most likely be structurally
controlled, and because sections of the fault zone are concealed or poorly exposed,
consideration was given to assessing the applicability of geophysical techniques in
order to provide insights into its subsurface structure. A detailed analysis of
available aeromagnetic and gravity data may be useful in characterizing broad
aspects of the fault zone, but a casual inspection of these data by the principal
author did not indicate a direct correlation with the surficial expression of the

1/ USGS Mission Saudi Arabia 1
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fault zone. Earlier telluric-electric (TE) investigations by Flanigan and Zablocki
(1984) across a segment of the Raha fault zone, in the Shiaila area (located about
10 km north of the Silsilah ring complex) indicated the presence of an electrical
resistivity contrast between the metasedimentary rocks that bound the fault zone
on either side (low resistivity on south side, higher on north side). The observed
contrast was attributed to weakly metamorphosed rocks on the south side
containing several percent by volume of clay minerals, whereas on the north side,
the rocks were assumed to have undergone a higher degree of metamorphism
where the original clay minerals have been converted to micas (principally
biotite). Since clay minerals contribute significantly to rendering rocks
conductive, this explanation seemed to reconcile the findings. During the same
period, a similar TE profile was madec across a scgment of the Raha fault zone
ncar Buqgaya and the results indicated that part of the fault zone was
anomalously conductive.

On the basis of the carlier electrical profiling results, and of those obtained
using the audio-magnetotelluric (AMT) technique in similar types of subsurface
structural problems (Zablocki and others, 1985), it was decided to apply both
mecthods in the Bugaya areca. In this report, we described the results of the
investigation, as well as the results of studies made previously in other parts of
the Raha fault zone.
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Resources and the U.S. Geological Survey (USGS) and according to subproject
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by Charles W. Smith,

METHODS AND TECHNIQUES

Teclluric-electric (TE) profiling and audio-magnectotelluric (AMT) techniques
have been previously described (Flanigan and Zablocki, 1984; Zablocki and others,
1985). An earlier TE-profiling traverse made in the Bugaya arca used 30-second
period (0.033 Hz) micropulsation clectromagnctic energy as a source with electrode
spacings of 250 m. In present studics, it was decided to use 140 Hz electro-
magnetic encrgy produced from spherics (distant lightning discharges) with
clectrode spacings of 125 m. It was felt that the higher frequency and shorter
electrode spacing would provide better resolution at the scale of the features to be
investigated. The AMT soundings made in the Bugaya area used the same
procedures as in previous studics, except that the electric and magnetic sensors
were oricnted N.400W.-S.409E. and N.309E.-S.50°W. instead of the usual N.-S. and
E.-W. directions. This was donc so that the resulting measurements would be
near-parallel and perpendicular to the general strike of the major geologic
structures in the arca. Audio-magnetotelluric studies made in the other areas
reported hercin were conducted in the conventional manner, with the sensors
oricnted N.-S. and E.-W. Frcquencics were measured from 4.5 Hz to 27 KHz at
four frequencies, spaced at quasi-logarithmic intervals. Signal levels were not
always persistent, particularly in the mid-band frequency range (750-Hz to 2.7



KHz), which commonly occurs because of absorption phenomena and(or)
noncoherency between the electric and orthogonal magnetic fields caused by large,
nearby changes in resistivities of the rocks. Never the less, data quality was good
overall, which allowed us to infer several interesting aspects of the electrical
characteristics of the rocks in the areas studied.

RESULTS AND DISCUSSIONS
TE PROFILES

Four TE-profiling traverses were established across several segments of the
fault zone in the central part of Smith’s (1985) study area. The traverses were
aligned approximately normal to the surface expression of the fault zone and
spaced about ! km apart (pl. I, map A). As mentioned previously, the ecarlier
traverse was made using the 0.033-Hz frequency at 250-m intervals and was
located about 1 km southeast of Jabal Khaslah (TE-5 in pl. 1, map B). The
results from this traverse showed that the relative E-field amplitudes on the
southwest side are about 30 times smaller than those on the northeast side (pl. 1).
The rocks types of these areas of the traverse are mapped as Maraghan
conglomerate and Qarnayn conglomerate, respectively. For a simple, two-
dimensional model, the resistivity ratio would correspond to 1-t0-900 (the E-field
ratio is proportional to the square of the resistivity ratio). It is unlikely that the
true contrast is that large; most likely, the measured fields are influenced by the
proximity of the complex geologic structures that prevail here. In map B (pl. 1),
the transition zone is marked by a broad solid line along the traverse, indicating
the presence of a broad conductive zone about 1 km in long. Initially, it was
believed that the shape of the profile suggested a simple thrust fault that dips
northward. The unusually low amplitude in the vicinity of station 9 is
characteristic of the extreme undershoot that results in such a simplistic model
compared to the models for a dipping contact in the opposite direction or for a
vertical contact (figs. 2 and 3). In detail, however, the transition zone is too
broad to be treated as a simple dipping contact; it is probably related to highly
variable conductive zones within the shear zone. Commonly, rocks within shear
zones have very low resistivities because of their higher porosity (due to
fracturing) and the presence of clay-bearing gouge material.

The higher frequency used in the subsequent TE-profiling measurements (140
Hz) senses both laterally and vertically to a lesser extent. The influence of
lateral changes in resistivity, therefore, is considerably less than at the extremely
low frequency used in obtaining the data from TE-5.

All of the TE profiles revealed conductive anomalies along various sections of
the traverses (denoted by heavy solid lines beneath the profiles shown on plate 1
and on map B). In terms of amplitude and breadth, the major conductive
anomalies are assymetrical in shape wherein the southwest side has a shallower
gradient relative to the northeast side (see, for example, the following sections on
plate 1: between stations 9-16 on TE-1; near stations 7 and 13 on TE-4). The
consistency of the shapes of the anomalies on the profiles suggests that the
attitudes of the conductive zones are not vertical, but dip steeply southwest.
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The broadest and most conductive zone is located in the middle part of TE-1.
The zone coincides with the locus of three known tectonic features: the Raha
fault zone, a broad shear zone, and a northeast-southwest-trending lineation. It is
likely that the rocks in this area are intensely fractured and altered (to clay
minerals) as a result of the combined effects of these three tectonic events. The
resistivities of the rocks in a part of the broad conductive zone, as determined
from the AMT sounding studies, were the lowest measured in all of the studied
areas.

The majority of the conductive zones are not confined to the surface
expression of the southwest edge of the Raha fault (pl. 1, map B); they either
straddle it and(or) extend southwest of the surface trace of the fault. This
observation suggests that these areas might be influenced more by conductive
zones within the shear zone than by the Raha fault alone. This suggestion is
supported by some of the AMT-sounding results to be discussed in the following
section. Other conductive anomalies mapped along the TE traverses are probably
related to near-vertical fracture zones, rather than to changes in rock type
because of their limited width.

AMT SOUNDINGS

Twenty-seven AMT soundings were made in the study area. Most were sited on
or southwest of the Raha fault zone because of accessibility problems. However,
five were sited northwest of the fault zone along accessible roads in several wadis
that drain the area.

A geoelectric cross section derived from the soundings made along the 3-km
long traverse of TE-l revealed several notable features (fig. 4), but mainly that
there is a good correlation between the TE profile and the AMT results. Toward
the ends of the TE profile, away from the central conductive feature, the E-field
ratio is about 2.5 to 1, being higher on the northeast side. This would correspond
to a resistivity contrast of about 6 to 1. The AMT results indicate that the rocks
on the northeast side of the fault zone have average resistivities of about 2,500
ohm meters at depths sensed by the TE measurements, whereas, rocks on the
southwest side average about 600 ohm meters. Both the TE and AMT results
indicate that the highest resistivities are associated with the Qarnayn lithic
graywacke (in the vicinity of AMT station CM-37). Below several hundred
meters, to depths in excess of one kilometer, the resistivity of the
metasedimentary rocks can be approximately categorized as follows: Maraghan
conglomerate, 1,000 ohm meters; Qarnayn lithic graywacke, 2,500 to 4,000 ohm
meters; and Qarnayn conglomerate, to 10,000 ohm meters. The important factors
that control the resistivities of these rocks are their porosity (fracture and
interstitial) and clay-mineral content. The resistivities of these units are
extremely high (sandstones, for example, normally range between 50 to 100 ohm
meters) and must, therefore, reflect their high degree of induration and their low
clay-mineral content. Accordingly, differences in resistivity between these
metasedimentary units probably indicate differences in their physical and
mineralogic make up.

The central conductive zone revealed on profile TE-1 contains resistivities of
less than 16 ohm meters as measured from the AMT sounding made at station
CM-19. The depth of this zone may not be as great as depicted in the cross
section because of the limited depth of penetration of electromagnetic waves in
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such a conductive medium. The conductive zone probably extends to a depth of
at least 800 m. As mentioned previously, this conductive zone appears to have
developed from intense fracturing and clay-mineral production resulting from one
or more of the tectonic features mapped in the vicinity. As seen in the geoelectric
cross section, there is no indication that the attitude of the conductive zone is
other than vertical or subvertical. Audio-magnetotelluric soundings were also
made about 300 m northwest and southeast of station CM-19 to determine the
extent of the conductive zone in these directions (CM-40 and CM-41). Both
soundings gave the very low resistivities that characterize the central conductive
zone (see data in appendix). Soundings located several hundred meters further to
the southwest and southeast, however, indicated very high resistivities (stations
CM-36 and CM-36A). Accordingly, the conductive zone appears to be a roughly
circular feature about 750 m in diameter. There is no surficial evidence of
argillic alteration in this area and, therefore, the possibility of this conductive
zone being caused by low-temperature hydrothermal processes is remote. Again, it
probably results from tectonic processes.

A geoelectric cross section derived from AMT sounding measurements made
along the TE-5 traverse provided further insight into the subsurface structure in
the study area (fig. 5). The rocks on the northeast side of the Raha fault zone
(Qarnayn conglomerate) possess the highest resistivities measured along the
section (as much as 6,300 ohm meters). Toward the southwest side of the section,
the resistivities in the Maraghan conglomerate are about ten times smaller,
consistent with the findings discussed earlier. The lowest resistivities are located
in the vicinity of AMT station CM-52 where a shear zone was mapped. These
resistivities, however, are not as low as those measured at AMT station CM-19 and
may indicate that the effects from shearing here are not as intense as in the
vicinity of AMT station CM-19. The general distribution of the resistivity
contours shown in the cross section suggests that the lateral transition from
higher to lower resistivities is not vertical, but that this transition dips steeply
southeast. It is interesting to note that sounding CM-51, made near the edge of
the fault zone, did not indicate any anomalously low resistivites. Similarly, a
sounding made near the southwest edge of the fault zone along TE-2 (station
CM-42 in pl. 1, map B) did not indicate low resistivities that might be associated
with the fault. These observations reinforce the earlier suggestion that the
conductive zones revealed in all of the electrical studies probably result primarily
from effects of shearing and that the contact zones between the Raha fault and
adjacent rocks are not intensely fractured or contain appreciable amounts of clay
minerals. Indeed, the cross section derived from the AMT soundings made in the
vicinity of the TE-2 traverse shows that the rocks near the southwest contact
have resistivities as large as, or larger than the Qarnayn lithic graywacke (fig. 6).
This cross section also shows that the resistivities of the rocks mapped as
Maraghan lithic graywacke are of the same magnitude as those mapped as
Maraghan conglomerate,

Smith mapped a post-tectonic diorite pluton (di, pl. 1, map B) that intrudes the
Maraghan graywacke in the southeast part of the study area. The exposed part of
the pluton measures approximately 1 by 1.5 km and contains gold-quartz veins
that cut the pluton. Audio-magnetotelluric soundings were sited over the center
of the pluton and on its flanks in the surrounding graywacke. The geoelectric
cross section derived from these soundings (fig. 7) indicates that the pluton
extends to at least 2.5 km and that it is very competent (few or no fractures) and
devoid of clay minerals because of its exceptionally high resistivity (as much as
25,000 ohm meters). The soundings made on the flanks of the pluton show typical

10
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values for Maraghan graywacke. The data plot does not indicate that the
graywacke section is thinner on the northeast side than the section on the
southwest side. One possible interpretation of this fact is that these rocks dip
southwest; some of the other results discussed previously also suggest this is the
case.

A single sounding was made over a much smaller intrusion located southwest
of the diorite pluton (station CM-44 in pl. 1, map B). The intrusive body is a
medium grained plagioclase-quartz-microline monzogranite; the rock is locally
argillized and contains sericite and disseminated pyrite. In contrast to the diorite
pluton, the resistivity of this small boss is only about 1,000 ohm meters (see
sounding data in appendix). The dimensions of the boss are small enough that the
measurements at the lower frequencies may be sensing some of the lower
resistivity of the graywacke host rocks. The measured resistivities at the high
and intermediate frequencies, however, are probably sensing the bulk resistivities
of the intrusion that are about 10 times lower than the diorite pluton. This
suggests that the monzogranite may have undergone argillic alteration at depth.

In addition to studies in the Bugaya area, a 3-km long AMT transect was
established in a north-south direction over a part of the Raha fault, about 15 km
to the southwest (pl. 1, map A). This site was chosen because of the apparent
structural and geologic simplicity of the rocks in the area (du Bray, 1983).
According to du Bray, a southern segment of the fault zone is marked by several
small hills composed of metagabbro that are aligned in an east-west direction. He
identifies the bounding rocks on the south side as Maraghan lithic graywacke and
those on the north side as Qarnayn lithic graywacke. Outcrops of the
metasedimentary rocks are scarce in these areas, being largely concealed by
alluvium. Eight soundings were sited along the transect at approximately 500-m
intervals in the vicinity of the fault zone and at a 1-km spacing at the ends of
the transect. The resulting data are displayed as a geoelectric cross section in
figure 8. The high-resistivity zone indicated in the vicinity of AMT stations
CM-65 and 66 is associated with gabbroic rocks whose surface expression is
prominent hills immediately west and east of these stations (pl. 1, map A). The
high-resistivity zone extends to a depth of at least 2.5 km and there is no
indication that its attitude is other than vertical. If the gabbro is intruded into
and along the plane of the Raha fault in this region, then the implication is that
the Raha fault must be vertical or very steeply dipping. The relatively high
resistivities measured at the south end of the transect at station CM-63 and on the
north end at station CM-68 do not correlate with the surficial geology. These
measurements may represent other igneous intrusive bodies at shallow depths
beneath the metasedimentary cover. These data also indicate that there is no
large distinction between the resistivities of the Maraghan rocks on the south side
of the fault zone and Qarnayn rocks on the north side. In other areas, such as
those in the Bugaya area mentioned above, a clear distinction was noted in the
resistivities of these rock types. Either Qarnayn rocks are not present in this area
or their character is essentially the same as those rocks that constitute the
Maraghan metasedimentary rocks on the south side of the fault. Smith (1985)
classified rocks in the Buqaya area immediately north and west of the
metagabbroic rocks that form Jabal Khaslah and the adjacent hills to the
southwest as Maraghan, and not Qarnayn, as indicated by du Bray (1983). More
detailed, larger-scale geologic mapping in the area of the transect, such as Smith’s
(1985) in the Buqaya area (1:20,000), may help in the interpretation of the
electrical data.

14
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As mentioned earlier, several TE profiles were made previously across a section
of the Raha fault zone in the Shiaila area (Flanigan and Zablocki, 1984) and one
of these profiles indicated that the rocks on the north side of the fault have
higher resistivities than those on the south. During this study, follow up AMT
soundings were made to confirm the TE results and to obtain more information on
the subsurface structure over a larger area. Eight soundings were sited along an
approximate north-south transect at a nominal spacing of 2 km (pl. 1, map A).
The results, displayed in a geoelectric cross section (fig. 9), revealed the following,
At the extreme north end of the transect (AMT station Y-1), the average
resistivities are fairly high compared to the findings from a sounding made about
1 km south (station Y-2). The variance may be due more to the presence of
higher-resistivity Qarnayn metasedimentary rocks beneath station Y-1, as exposed
in nearby outcrops, than to lower-resistivity metasedimentary rocks beneath
station Y-2. In his geologic map, du Bray (1983) infers that the trace of the
northern segment of the Raha fault trends in an east-west direction between these
two sounding sites. If this is so, then the rocks of the south side of the fault, in
the vicinity of station Y-2, may not be of the Qarnayn type, but rather Maraghan.
Soundings made approximately 1 km north and south of the southern segment of
the Raha fault (stations Y-4 and Y-5, respectively) show that the rocks at depth
have lower resistivities on the south side of the fault. The contrast, however, is
not as large as suggested from the earlier TE-profile results. It is probable that
the TE-profile measurements, using an extremely low frequency (0.033 Hz), were
influenced more by lateral changes in resistivity than were those obtained with
the AMT soundings.

The most important finding of this study was the detection of an apparently
shallow intrusive body in the vicinity of stations Y-6 and Y-8. This is inferred by
the extremely high resistivities measured in these areas; they increase in
magnitude with depth, and accordingly, suggest that the assumed intrusion
extends to a great depth (more than 2.5 km). Smith (1985) reports that the source
of gold-bearing quartz veins prevalent in this area may be granitic cupolas
and(or) related intrusions at depth. The findings from the soundings made at Y-6
and Y-8 tend to support this conclusion. The resistivity distribution in this area
suggests that the top of the inferred intrusion is very shallow, perhaps less than a
few hundred meters from the surface, and that the intrusion dips steeply south.
Exceptionally high resistivities were also measured at a site located about 2-km
east of station Y-6 (Y-7 in pl. I, map A). The data for this sounding are not
presented here because of technical problems in printing the sounding curve. On
the basis of these results, it appears that an intrusive body, several kilometers in
diameter, is present at a shallow depth in the vicinity of these sounding sites.

It should be emphasized that the resistivity distributions shown in all of the
geoelectric cross sections presented in this and previous reports were obtained by
computing the log average of measurements made in the two horizontal and
orthogonal directions. In an electrically isotropic medium (horizontally layered),
computed resistivities at a given frequency will be identical. The resistivities will
be different in the two directions, however, where there are lateral changes in
resistivity. A good example of the later condition is found in the following
sounding results. The computer print-out of the apparent resistivity vs frequency
for AMT station Y-1 (see appendix) shows a significant difference in the values
measured in the N-S and E-W directions. The values obtained at all frequencies
in the N-S direction are about one order of magnitude larger than in the E-W
direction. This large difference could be attributed to the station being located
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close to a contact between high- and low-resistivity rocks that strikes in an east-
west direction (the inferred direction of the Raha fault). The differences in
resistivities measured in the N.-S. and E.-W. directions at station Y-2 are
prominent only at the lower frequencies. As the measurement made at lower
frequencies sense farther laterally as well as vertically, the effects of an east-west
resistivity boundary are also sensed at this AMT sounding site. The other
soundings along this transect do not indicate any significant differences in
apparent resistivity vs frequency. Differences measured in the two directions are
largely due to the inherent scatter that is characteristic of AMT data obtained
with natural-source fields.

In early 1404 A.H., while carrying out AMT studies in the Jabal as Silsilah
ring complex Zablocki and others (1985) sampled several areas outside of the ring
complex to provide background information on the electrical responses in
different geologic settings. One of the chosen areas was in the vicinity of the
Raha fault zone, about 6 km west of the Shiaila area (pl. 1, map A) where five
AMT soundings were made. Their locations are shown in map A (pl. 1) and the
plotted results are shown in the appendix as stations SHQ1, SH02, SH06, SK({3,
and SKO07. These data have not been documented previously because they were not
part of a systematic study and because some of the results appeared discordant
with the geology as portrayed by du Bray (1983). Recent detailed mapping by
Smith and Samater (1985), however, has offered some reasonable explanations for
some of the results obtained.

In the previous paragraph, we attributed the large separations between the
resistivities measured in the N.-S. and E.-W. directions at station Y-1 to an
east-west striking contact of contrasting resistivities that probably are related to
the trace of the Raha fault in that area. The data obtained at stations SHOI and
SH06, on the other hand, not only indicated a similar, but larger separation
between the N.-S. and E.-W. sounding curves;, further, the higher values were
measured in the E.-W. directions, in direct contrast to the results obtained at
station Y-1. These results implied that the soundings were sited near, or over a
two-dimensional conductive structure aligned in a north-south direction. This
interpretation remained unreconciled until mapping by Smith and Samater (1985)
identified a major northeast-striking right-lateral shear that passes in the vicinity
of these two soundings (pl. I, map A). The zone is about 10-km long where
exposed and about 1-km in width. Their observations indicated that the shearing
was intense and produced a large lateral displacement between the bounding
rocks. Such conditions likely created a zone of rocks with very low resistivity
resulting from high fracture porosities and the generation of abundant
clay-bearing gouge material. The two orders of magnitude difference in the
apparent resistivities measured in the W-S and E-W directions, with values less
than 10 ohm meters in the N.S.-direction, strongly suggest that they result from
the proximity of the shear zone.

A sounding made near the trace of the southern segment of the Raha fault
zone (station SHO2; pl. I, map A) did not show any significant differences in the
measured resistivities in the two directions. Their average values (to several
kilometers in depth) are fairly low (less than 1,000 ohm meters), but not low
enough to suggest that they are influenced by the shear zone. The lack of any
electrical anisotrophy here suggests that the rocks on either side of the fault zone
are not significantly different in their electrical properties.
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The two remaining soundings made in this area (station SKO03, located about
2-km west of SH06, and station SKO07, located about 2-km west of SK03) straddle
the trace of the southern segment of the Raha fault as inferred on du Bray’s
(1983) geologic map. Except for higher resistivities measured at depth in excess
of 3 to 4 km at station SKO03, the resistivities of the rocks in these areas are not
significantly different. Here, as in other areas where measurements were made
across the southern segment of the Raha fault zone, there does not appear to be a
large contrast in the electrical properties of the rocks on opposite sides of the
fault. However, large electrical differences between the exposed Qarnayn and
Maraghan metasedimentary rocks were detected in the Buqaya area.

CONCLUSIONS AND RECOMMENDATIONS

The significant findings of the electrical studies Raha fault zone are as
follows: (1) Very low resistivities (less than 10 ohm meters) are associated with
shear zones mapped by Smith (1985) in the Bugaya and west Shiaila areas. They
most likely result from attendant fracturing and the presence of clay-rich gouge.
(2) Where sufficient data were obtained, the dip of the shear zone in the Buqaya
area appears to be steep; there are also indications that the shear zone dips
southwest. (3) The Raha fault zone itself does not appear to contain rocks similar
in character to those that comprise the shear zones because no low resistivities
were measured at the contact. (4) In the Buqaya area, the Qarnayn
metasedimentary rocks on the northside of the fault zone have very high
resistivities compared to Maraghan metasedimentary rocks of the south side. The
contrast probably reflects differences in their physical and mineralogic character.
(5) In the areas where studies were made over the southern trace of the Raha
fault that is shown on du Bray’s (1983) geologic map, no significant differences
were measured in the electrical properties of the rocks on either side of the fault
zone. It is possible that the metasedimentary rocks on the north side of the
inferred fault are not of the Qarnayn type, such as those exposed in the Bugaya
area, but of the Maraghan type. (6) Metagabbroic rocks that include the inferred
fault zone in one section of this area suggest a near-vertical attitude in the fault
plane. (7) AMT soundings made over two exposed plutons in the Bugaya area
showed differences in electrical properties that probably are related to differences
in clay-mineral content. Other soundings made in the Shiaila area indicated the
presence of a large pluton at shallow depth. The assumed pluton is also a
probable source of the gold-bearing quartz veins that cut the metasedimentary
rocks in this area.

No specific recommendations are offered except to point out the demonstrated
utility of these electrical techniques for detecting and mapping such features as
shear zones and shallow intrusions. If further studies were to be undertaken here
or in similar geological settings, these methods could provide useful supplemental
information in mapping the geology, particularly in areas of poor exposure or
complex structure.
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DATA STORAGE
DATA FILE

Data used in compiling this report are archived in the Jeddah office of the
U.S. Geological Survey Mission in Data-File USGS-DF-04-46. Date include:

(1) Original field notes and field maps

(2) AMT computer printouts

(3) Magnetic tapes

(4) Preliminary data used in the preparation of this report.

MINERAL OCCURRENCE DOCUMENTATION SYSTEM (MODS)

No entries or updates have been made to the Mineral Occurrence
Documentation System (MODS) data bank.
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APPENDIX
EXPLANATION

In the following, a computer printout of the AMT sounding data obtain from
these studies are presented together with log-log plots of the resistivity
distribution as a function of depth. These plots were derived from the inversion
algorithm discussed by Flanigan and Zablocki (1984). The geoelectric cross
sections presented in this report were constructed from these plots .
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278.9 143 .87 S 14.52 279.08 31.49 S 1.29
450 .9 91.76 S 17.11 450.0 23.94 I 2.26
79@.48 184 .68 7 17.11 v50.9 27 .35 6 3.32
1408 .9 ¥9 .65 4 12.13 1406 .9 36.55 4 S.37
2788 .9 25.89 5 4. .97 4508 .09 43 .94 8 5.38
4500 .4 45 .14 S 3.27 7509 .08 15.¢&4 7 1.29
79600 .49 13.74 g .57
271R08 .@ 5.14 6 .5@ STA. ID_CHM#24 EW NO FREG= 12
5TR. ID_CM#23 EM NO FREQ= 14 FREQ AP-RES H 0BS3 STD ERR
7.5 374.12 3 34 .77
FRED AP-RES N OBS STD ERR 14.8 273.43 S 49 .47
4.5 282.42 6 19 . €2 27.8 158.@5 4 35.01
t4.9  120.53 S 1?.87 45.8 128.49 € 13.93
27 .9 66 .64 & 19.508 75.6 39.45 S5 7.23
45 .9 23.91 S Q.23 149 .9 89 .38 4 12.14
7S5.a 78.52 4 5.31 278.6 68.92 S 2.53
149 .1 34 .48 € 2.28 459 .8 53.77 S 3.00
278.8 128 .29 5 26 .26 759.0 37.94 S 3.99
450.9 66.97 & 7.53 1406 .0 13.85 S 1.45
750.9 38.53 6 2.77 2700 .0 18 .67 8 .53
1408 .0 37.71 S 2.70 4500.9 12.83 z .48
2708 .9 42 .59 S 5.85
45A8.a 47 .32 S 1.49
7509.9 14 .72 6 2.1l e
14000 .8 16 .63 € .87
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FeOIECT=FRAHA

STR. ID_CHM#33@ MS NO FREGO= 14
FFrED AP-RES N 0OBS TD ERR
4 5 1623 .7 S 5932 .33
7.9 1432 .50 32 418 23
14. 8 289 .50 3 22.089
27.8 &28.&n S 95,35
45 .8 785.48@ 7 136 .27
75.8 331.61 4 162.37
14 . 8  3R32.77 7 149.19
270,68 277.958 4 9E . 44
458 .34 197 .55 4 17.280
7he . 368,54 2 25.7%S
4509 . A 55.958 4 7.32
700 .9 21 .za 32 Z.44
14089 9 28 .53 4 1.24
2746l . n 15.2¢ S 2.1¢&

TR. ID_CM#3a@ EW HD
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[wieal
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7.515651 . 0e & 2114 . 206
14 .818459 a9 T 25 .89
7.8 5457 A4 4 34 .28
45 3 4426 a4 v Sat 19
v3.8 4315 46 & S20 .93
149,83 2855 .36 ) 448 54
278,43 2358 . an S 24 .22
4%9.89 744 18 S 220 .64
4508 v 212 &€ € 21.29
7589 .9 48 .87 4 2.8a3
14000 .8 28.31 = 5.93
zZvana . o 37.78 5 .17
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PROJECT=RAHA
STH.

FREL
4.

-
[

14.
27.
45. @
75 .

AFP-R

N

W

Fy
M= = DD AP W p) o m
PO B LT S e STy NS &

148 .9
2ve.a 334
458.8 206
78,8 133
4500 .8 93.
7500 .0 7.
149080 .5 2
27988 .0 9.
STR. ID_CM#31 EW HNO

FRE®  AP-RES

4.5 3372 .90
7.5 5593 .2a
14.8 4289 .19
27.8 2177.%8
45.8 1645 . 3
g 1215,
1489 &35
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14200
270008 .

[}

—

Y
B N B e e DD G
WA DN S DD

ID_CHM#31 NS ND FRER=

A

N D

(%)

BRSNSV LS R N N A N T IR as)

N DES

—

-
DEUNRNDIROOW DL

FREQ=

14
STO

ERE

343 .84
64 .27
a4 .26

185 .64

10 Mo

1

)

.21

B N W VI v
Ll 4N (NN V)

STD ERE
S37 .76
432 78
296 . 7"
1127
118 .86
129 . a3

76,04
3t1.12
49 .20

e Y D) @D D

e APPAREMNT
(7 60T 12 1] VG =g )
Swn RESISTIMITYC(Q-m)
mz
AT [ aad [ [ [t [aad
() Dx] Do [an) Dl [xn}
L. O — ) [&¥] + on
zZ = + + +—
*
[}
— O X
;,, o X
0o
. )
m
A
M < T
D W 2
c e
m (x4
z -1 o
o 9, P
= [P
. fu <
x =] > X
Ho9 D X
~ [}4
—
o 1
2




PRIO.JECT=RAHA

STH. JID_CM#3Z NS NO FREG= 14
FPE®R AP-RES N (0BS STD EERER
4.5 8K53.32 S 186 .70
7.5 519.81 2 23 .41
14 .86 314.23 7 13.33
7.8 179.99 v 28.1¢
15.8 137.35 7 Q.27
7L, 115.19 7 5.83
140.98 34 .94 7 1994
278 @ 53.12 & 3.74
E 2= ) S.98 4 14 74
750 .8 17.28v & .75
4500 .49 2.47 4 1.79
TSR0 .0 S.62 L 1.51
140300 .9 S.78 S 11
27829 . o 5.3 S 2.969
ST, ID.CM#22 EW HO FREG= 13
FPER AP-RES N O0OBS STD ERR
4.5 323 97 3 131 .88
TS 135.353 I 15.a7
14 .19 45 .22 B 12.14
27.6 37 .84 £ 1.68
45 .9 29.78 S 5.18
3. 27 .44 S 1.82
148,49 26.78 4 2.1z
273,09 25.7v S .39
1359 . 21 .18 7 .51
758,68 24 .44 4 5.12
S0g .| 6.14 5 .27
143830 .9 4 .53 ) .29
27008 .5 4.@0 6 1.90
o RPPAREMT
O RESISTIVMITY (Q-m)
mz=
TN - — — — — —
fun] = [ ~ [ua] [xx)
[ — D — rJ [0V] £ on
= 5 + + +— 4
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PROJECT=RAHA

STA. ID_CM#32K NS HO FREQ@= 15
FRE®D AP-RES H 0BS STD ERR
4.5 560.45 & 115 .7
V.5 9543.1% 9 27V .49
14. ¢ 387.32 7 20.25
27.13 173.3p € v.12
45.8 127 .83 2 7.495
73.9 37.14 7 7.38
149 .9 71.98 3. 14 92
278.8 32.5¢ S 2.75
458 .49 21 .45 3 2.79
758. 0 23.@a5 7 1.85
1460 .9 20.85 4 2.08
4508 .9 v.77 2 1.5¢
7o00.9 2.92 4 1.34
14008 9 4 . uz S 26
27338 .06 S5.62 & 59
STR ID.CHM#322FR EMW ND FREQ= 12
FREQ AFP-RES ™ OBS3 1D ERR
4.5 =28 .37 4 18 41
7.5 61,15 4 4. 34
14.9 26 .62 & 2 88
27.0 41 33 S 9,89
45. 9 48 31 & 2. &4
vS.0 23.3% S 2.28
14@ .9 17.54 4 .40
2749.0 14 .63 ) 3.9
4508 .0 18.57 4 3.77
vSAY . a 5.74 b 1.83
14088 .9 4 .41 S 1.08
279A8 .0 g8.99 S 7T
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PROJECT=RAHA

STA. ID_CHM#33 HS NO FREQ= 15
FRE®R AP-RES N O0OBS STD ERR
4.5 536.38 2 418 .94
v.5 979.81 S £3 .95
14.8 294 .04 6 38.59
27.8 536.74 i@ 59.11
45.8 986.88 3 280 .77
45.8 773.80 2 97 .08
?59.8 725.36 S 131.45
148. 8 619.18 3 87 .27
278.9 654.45 6 72.14
45@8.8 255.92 4 2.68
759.8 279.81 3 42.00
4586 .8 258 .00 &6 4.89
7588.8 135.327 e 13.609
149020 .9 77 .88a e 2.00
27R280.9 74 .69 6 5.85
STR. ID_CM#33 EW NHO FRER= 195
FREQ AP-RES N O0OBS STD ERR
4.5 1363.208 3 332 .63
7.5 1122.78 ) 185.19
14. 8 865.0a 9 38 .€7
27.8 ©583.88 16 12.76
45.9 431 .24 3 45 .54
3.8 469.75 4 7.38
1490.6 548.959 6 25.87
270.8 491 .84 &8 22.68
456.8 458.°21 i@ 208.97
758.8 400 .49 2 23.85
2700 .9 37 .08 2 23.895
495609 .0 89 .6a 3 .53
75088.0 86 .59 S5 3.43
141300 .8 51.96 S 4.31
27800.0 31.59 4 2.54
APPARENT
XY RESISTIVITYC(a-m>
DM
E- Donf 5 I — — - — Lo
o ) @ fun) () ©
3 — D - .ro ‘u £ ‘Ul
E . J '::_"
i
i X0
! o
H
- %0
O
2 =) o
= QX
LLLION o
= o 1 ;::’
2% %
~ X
No® ° %
~ o X
I
o

30

PROJECT=RAHA

STR. ID_CM#34 NS NO FREQG= 15
FRED RP-RES N OBS STD ERR
4.5 3600 .2v 2 1234 60
4.5 3680.850 z 1234 .60
7.5 1685.79 6 2a4 13
14.8 977.96 e 92.21
27.9 1544 8@ 4 339.28
45.0 1461 .90 & 87.66
?5.9 1124 49 S 298 .12
149.8 21980 .61 4 134 .23
2708.9 1274 .99 7 199 .38
458.8 651 .96 €' 86.132
758.8 425.85 4 71.51
4548 . 9 3521 .64 7 32.6a8
75860 .8 288.85 4 38 .60
140089 .9 179 .00 S 17.33
270086 .0 138.13 6 14 .27
STRH ID_CM#34 EIl NO FREGZ= 14
FRER AP—-RES N O0OEBS STDO ERR
4.3 1982 .60 3 112 .44
7.5 481 .42 S 55.33
14.8 439 .64 5 44 45
27 .8 346 .68 € 12 27
45.83 256.36 s 18 56
7S5.@a 255.26 S5 12.12
14@.8 295 .41 6 19.88
278.8 327.13 i 17.73
459.8 327.@8 5 48 .95
759.0 97 .86 3 7.63
4500 .9 76.15 6 19 .01
7508 .90 43 .23 S5 3.73
1492086 .0 32.85 5 2.26
27308 .08 49.14 Y 3.29
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FROJECT=RAHA PRO.JECT=RHAHA
STR. ID_CHMH#SS NS MO FRER= 14 STA. ID_CHM#3& NS NO FREBD= 18
FREL AP-RES N 0OBS STDh ERR FRED AP-REZ H 0OBS STD ERR
4.5 213.089 3 139 .86 4.5 1456 .39 2 22.4%9
7.9 B81l&.g9v =z 71.84 7.5 3295.91 & 131 .76
14. 8 483.58 7 32 .98 14 .8 2465.70 4 158.54
27.8 275.6%9 2 12, .69 27.0 2438.908 1) 133 .49
45. B 236.29 7 289 .97 45.8 2426.309 & 99 .2
ro.8 317.139 12 16 .91 75.6 1583.38 €& 199 48
14988 2u8 .82 5 9 .55 148.8 1753 .86 = 236 .31
279.9 223 .99 [ 128 .5 276.9 1358.74 5 114 .86
459 .8 252.45 4 5.48 458.9 832.21 & 114 99
7509 184 17 K 24 . @93 758.8 S5&.6% K 35 .26
4509 .0 70.99 7 3.Z29 2708.8 500 . Qaa 3 7v.11
7500 A 9y .23 7 4 .96 4509 .6 749 .74 4 3% .29
14008 .9 57 .29 S .82 7598.8 351.79 3 12.46
27300 . a 57.1¢% 4 4 325 7588.6 338.13 S 5.328
14009 .9 53 .97 7 2.7v8
STR. ID_CHM#3S EW NOQ FREG= 14 279aR8 6 296 .25 B 12.54
FRE® AP-RES H 0BS STOD ER STR ID_CM#3& EW NO FRER= 12
4.5 662.78@ 5 63 .34
7.5 947 .78 7 36 .54 FRER AP-REZ H 0OES= STD ERR
14.8 831.53 ) 14 11 4.5 4881 . 94 2 5959 .31
27.8  2ZE2.77¢ S 12.67 7.5 6974 an & 532.79
45.8  316.29 & 41 .26 14. 9 2700 609 S v.2@
7S.8 341 .4¢ & 25.8% 27.6 2398 . 4ud S 1.53
149 .89 383 .42 7 13.34 45 .8 2277 .48 5 193 .97
278 .8 354 .47 v 483 .12 75.9 2179 .28 & 130,35
459 .8 224 .84 s 328 .42 149 .6 14408 .60 S 198 .95
v50.8 213.186 4 92 .17 279.06 1255.9n & a4 93
4539 . 1 158 .67 3 47 .46 459.8 899.8&83 3 538.62
7509 . @ 45 .83 S 12. 96 4508 .9 1196.60 ‘¢ 164 .4¢
140608 . 9 48.63 4 2.74 140006 .68 136.89 5 9. 39
2700 .08 44 .55 4 5.78 270AY .8 177 .67 7 21 .95
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PROJIECT=RAHA
NO DATAH M-S
STR. ID_35A EW NO FREG= 3
FRE® AP-RES N O0OBS STDO ERR
7.5 7651 .48 4 432 .66
14.0 6B66.60 6 452 . 4¢€
27 .8 Z858.402 6 223.96
45 .@ 2953 .00 S 216.11
7S.8 2613.80 4 157 .69
149 .8 1656.79 S 685.19
279.9 1171 .78 S 71.94
450. 8 5398 .53 4 57 .61
4589. 8 351.7S5 4 44 .98
o RPPARENT
oS RESISTIVITYC(Q-m)
omz
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PROJECT=FHAHA

STH. ID_CHM#37 NS NO FRERQ= 11
FRE®R AP-FES N 0BS STD EFR
7.5 1316.18 < 27 .19
14. 6 1288.46 3 365 .20
27.8 1906 . a4 3 35.93
?79.89 978 .48 4 1481 328
1406 B B3v8.65 e 124 .71
278.86 700.46a 3 31.%8
459 .3 584 .91 3 &2 .33
45600 .8 455,84 4 2271
7908.8 2321.63 s’ 38.895
14Re . 8 Z8S.14 & 13 .54
Z27RAev .8 375.89 5 28.63
3TA ITD_CHM#37 EW NO FRES= 12
FRE® AP-RES N DES STD ERR
27 .Beevil . a9 & 518.83
27 .826711 .41 € 512,53
45.8123258 .69 g 932 .23
75.911624 .60 & 472,73
148 .6 8222.99 & 136 293
278 .8 €858.5n 3 259 .34
4509 . 0 4498 .34 [ 168.91
7S89. 9 1513.76 4 233 .22
4509 . 8 o448 .41 S 112,67
7580.6 232.67 S 5. 64
1409. 8 169 .98 4 3.76
27R389. 8 318.39% 4 17 .93
hxo HEPHFENT
OXO RESISTIVITYC(Q-m>
omz
W - - - — —— —
o Do) [in] [\ ey L)
[ SR\ +] - o (]} + on
= + + + 4
* a“_n
[0}
-1 X
by Xo
EJ#‘
n D> 4
A -
m g
fra) G'w S
= Q ?
m o Y
= 4 [n] X
o S o x
- o T
r =1 0
2] 'D“ ) [w]
o *
=

32




PROJECT=RAHA

STR. ID_CHM#32 NS NU FRER= 1@
FRED AP-RES N ORS STD ERR
14 .3 242 .26 3 2.74
7.8 161 .28 4 17.93
45.@ 148 .56 S 15.18
S.a 172.53 S 22.99
140.6 833.99 4 3.57
279.9 21.46 5] 7.50
458 4 31.681 3 4.19
80 B g9 .64 S .47
14069 . 9 1.7S 5 .11
27anRg o 4. 821 4 .41
3TA. ID_CH#3Z EIM HO FREG= 14
FRED AP-RES N 0OBS STO ERR
4.5 852,98 3 29 .73
7T S 987.37 ) s83.82
14. 34 819.89 4 14 .63
2V.9 344 393 e 17 .69
45.09 239 .23 I v.24
7S04 164 69 7 & .17
149 .4 154 a1 5 5.7¢&
va.oa 118 .44 S 4.47
459 .4 131 a1 7 5.45
vSe g 21.57 2 2.4¢6
459@ 3] 2.186 [ .29
Fa1 5] 2.98 S .29
14800 .19 3. 61 2 .43
27000 . 4 5.9& S .23
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FROJECT=RAHA

STA. TO_CHM#3Z5 HS HO FREG= 1B
FREO AP-RES N OBS STOD ERR
4.5 485 .41 3 32.21
7.9 428 .42 e 32,45
14.8 317.96 6 16.41
27.9 182 .69 & £.0a%
45.8 127 .15 7 2.%2
5.8 185.36 & s.ve
148 .9 7a.17 & 2.19
2re.0 46 .91 ) 2.a3
458 .9 26.11 v 3.28
7509 14 .74 4 1.35
1403 . & 27 .49 2 1.29
2v00.90 17 .80 & .45
49A0 B 15 .64 S .71
7508 . H 9,423 S .7l
143600 .9 25.69 b S
27900 .8 29 .57 £ 383

STA ID_CH#3% EM HO FRER= 15
FRER AP-RES H 0BS STO ERER
4.5 115 .44 & 15 .1
V.5 142,12 4 z.az
14 .0 32.53 S 17 .58
27 .8 av.&a%9 S 5.932
45. 49 V2.43 ] 12.39
75.6 665 .35 S 9.15
143 .0 59.26 S 2.11
27e.p 45 .a9 £ 2.60
450 . 9 4118 S 5.1¢8
756.98 24 . a3 S 2.36
1408 .9 27 .61 S 5.083
4598 .6 34 .57 4 4.17¢
7506 .9 24 .92 5 1.18
14008 .9 29.4%3 & 1.97
27300 .8 40 .87 S 1.27
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PROJECT=RHAHA

STA. ID.CM#46 NS NO FRER= i1
FRE® AP-RES N O0OES STO ERR
7.5 74.29 & 19.34
14.9 63.32 & 4.28
27.98 54 .85 8 6.41
45.9 29 .48 7 1.81
75.9 33.16 6 4.5¢8
1409.9 18.19 S 3.1S
458.6 15.37 6 1.38
7%0.1@ 16.€67 ] 1.81
4909 .9 17 .58 S .99
7500 .4 11.88 3 4.28
27009 .@ 5.24 6 .71

STR ID.CH#40 EW NO FREG= 16
FRE®Q AP-RES N O0OBS STD ERR
4.5 147.59 3 323.43
7.5 181.91 ) 19.69
7.3 111.86 =] 19.53
14.8 ’3.89 S 9.38
7.8 456.84 6 4.78
45 .92 41.59 =] 3.17
75.6 27 .65 5 3.81
1409 35.38 6 5.96
?70.0 17 .33 6 2.45
270.0 17 .88 5 3.86
458.06 16 .61 5 2.88
750.06 13.04 4 1.65
4509 .98 32.71 S S.46
7508 .0 12.53 S 2.24
14900 .9 19.55 6 1.11
277368 .0 7.94 5 1.28
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PROJECT=RAHA
STR ID_CHM#41 NS NO FRER= 12
FREQ AP-RES N OBS STD ERR
4.5 59.71 3 17 .41
7.9 35.31 i@ 2.206
14.98 22.57 6 1.89
27.9 14 .79 € 1.14
45.9 18.29 4 1.98
5.9 16 .89 6 .9z
140. 6 6.02 & .37
279.8 6.13 g 1.5
450 .9 3.68 & .26
4508 .0 3.95 4 .39
7500.9 1.69 7 12
279008 .0 2.63 S .50
STA D.CM#41 EW NO FREQ= 12
FRE®R AP-RES H 0OBS STD ERR
7.9 13 .49 4 2.66
14.0 17.97 3 1.51
27 .90 11.91 S 1 .43
45.9 8.@5 4 1.74
75.0 €.38 & . 7S
149 . @ S5.16 4 .61
279.9 6.48 S .45
459 .9 S5.88 bS] .28
v50.9 3.62 S .46
7508 . @ 2.81 S .36
1400806 . 0 3.€3 6 .33
27348 .8 g.12 2 1.39
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PRO.JECT=RAHA

PROJECT=RAHA

STR. ID._CH#42 NS NQ FREQ= 11
FREL RP-RES N OBS STD ERR
4.5 574.38 re 32.66
14 . 8 164 .60 3 7.80
27.8 132.64 10 13.99
45. 0 70.88 b 5.89
75.9 67.1% 6 5.56
140 . @ 39.96 19 2.66
278.98 21.73 10 4,27
458 .49 16.94 9 1.2¢6
45090 .0 4 .89 16 .52
75608 .8 1.74 7 .19
27089 .9 3.57¢ S 95
STA. ID_CHM#42 EW NO FREQG= 12
FRED AP-RES N 0BS STD ERR
4.5 476.45 4 114 .69
7.5 145.14 S 208.438
7.9 3201.14 2 11.46
14. 8 343 .88 &8 23 .34
27.8 171.71 3 S .26
4% @ 87 .€6 S 3.9¢6
75.9 73.23 6 5.45
149. 9 63.68 6 4. 66
278 .9 29 .98 4 3.45
450. 8 38.5°9 S 4. 92
45090 . 9 9.77 3 .51
278049 .9 4.95 S .5a
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STR. ID.CHM#43 NS NO FREnQ= 12
FRER AP-RES N 0OBES STD ERR
4.5 z&28.80 4 z14.17
140 7978.00 3 99¢€ .34
27 .8 3846 .20 7 441 . 56
45 .9 3723 .46 7 395 .79
75.0 6618 .00 S 982,97
140.8 360€6.50 € 559.96
279.0 4620.89 S 7839 .82
458.0 2771 .64@ 4 1185 .40
75@a.8 7?81 .37 2 198.07
45de.9 438.5¢6 5 34. 46
7500.0 204 19 S ?.13
279Q48. 86 217 .65 S 12.32
STA. ID_CM#43 EMW NO FREG= 12
FRE ARP-RES N OES STD ERR
4.516733 .08 4 1597 .30
7.5 8931 .58 7 1992 .10
14.8 7973.09 & 282.3
27.0 £545 .68 € "37 .40
45 .8 6£956.69 v 545.88
75.0 6366.00 4 537 .62
148.0 6421 .30 4 h29 .44
278.8 5133 .90 = 583 .50
459.90 3105.49 6 470 .29
7500 .8 636.39 S 91.53
14080.9 430.93 5 43.83
27980.8 451 .85 [ 32.4¢
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PROJECT=RAHA

PROJECT=RAHKHA

STR. ID_CM#44 NS NO FRE®= 12
FREQ AP-RES N 0BS STO ERR
4.5 3136.50 6 236 .26
7.5 2855.90 8 182.61
14.9 1564 21 5 144 .78
27.9 1071 .64a 6 49 .95
45.8 ?98.35 6 25.18
75.8 735.1@ 4 143 .13
148.8 612.81 5 32.39
278.8 547.29 7 75.48
450.0 249.64 3 12.57
4580.8 137.12 5 13.40
7500.8 91.21 4 5.45
27929 .09 61.26 4 8.066
STR. ID_CM#44 EW NO FREQ= 13
FRE®Q AP-RES N 0OBS STD ERR
4.5 1660.60 2 178.79
7.5 963.45 6 45 .59
14.9 1001 .40 € 139.58
27.8 610.71 S 62.20
45.8 457.18 6 24 .52
V5.8 446.27 6 35.83
{48.8 333.95 6 15.087
278.8 474 62 5 14 .56
459.8 260.76 6 35.4¢
4590 .0 568.44 ba) V.47
7500.6 39.17 4 7.72
14000 .9 35.19 ] .85
27000 .0 35.17 S 3.85
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STAR. ID_CM#45 NS NO FREG®= 11
FREQ RP-RES N OBS STD ERR
4.5 283.4v3 4 11.99
V.3 244 .25 S 28 .76
14.8 2081 .65 S 7?.86
27.6 146.18 7 9.44
45.8 166.62 e 9.55
°5.0 93.22 re 32.71
149. 8 88.8&5 6 4 .77
278.80 109.15 4 16 .12
4569. 86 114 .98 & 19 .24
7500 .9 ve.az 4 1.95
27988 .9 59.189 4 3.12
STA. I1D_CM#45 EH NO FRER= 12
FRE®D RAP-RES N OBS STDOh ERR
4.5 2280.70 3 568 .20
7.5 2466 .90 I 162 .34
14. 8 1729.40a 3 132.56
27.8 992.65 3 57.82
45.8 657.39 6 31.95
75.8 579.81 6 59.306
14d6.8 492 .62 g 42 .82
270.9 401 .48 6 24 .32
458.8 163.78 S 53.98
75A0 .0 78.19 =1 11.36
14068 . 8 119 .68 6 15.73
279A0. 9 111.17 4 9.8%6
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PROECT=RAHA
STH. ID_CM#47 NS ND FREG= 12

FRER AP-RES N 0BS STD ERR

4.5 8249 €5 5 241 .91

7.5 864 31 7 83.21
14.8 430.47 4 133 .64
27.8  490.26 6 58.32
43. 1@ 456 .62 v 28.89
75.8 435.64 € 2928
14a. 3 478,59 6 20.63
27a @ 475 .41 & 66 .38
459€@.9  289.03 S 26.36
458v.6 192 .88 4 21.33
14aRg .3 152 .62 4 15.28
27vRe. 8 119.75 4 18.65

STA  ID_CM#47 EW NO FRE®= 14
FRED AP-RES N 0BS STO ERR

4.5 3584.086 6 83.28

7.5 D5BE.62 4 60.22

14 .53 471 .38 4 28 .43
27.8 352 .84 5 12. 094
45.9  252.81 € 25.22
73.8 248.@7 S 15.28
140. 0 222.96 4 28 . €8
279.9 254 .38 ) 48.9¢
459. 8 2€68.18 3 I2.22
758 .8 55.14 3 7.22
4509 .9 45 .8@a 3 7.86
7500.93 31.26 5 S5.68
14200 .9 41.17? S 2.56
27aee . v 36.23 S 1.81

e APPAREMNT
MG RESISTIVITY(2-md
oM
TN e - - - ~— ~—
= Q = s> ] = [
':-: —_ @ ond (o) Gl £ o
- 5 + + +
E '-‘:_n
-
-~} A 0O
—
X 2
= X
n X 0O
A e
m 4
P ®(»J X
P o<
W X0
— Lol z
< ot XO
o I8 XD
< XD
~ h o)
r - b3
T -
N’ -‘H 2O
~ 0
—
o -
fun)

37

PROJECT=RFAHA

STR ID_CM#48 NS NO FRER= 12
FREL! AP-RES N 0BS STD ERR

4.5 1404 .30 S 272 .22
7.5 1811.70 S 122.388
14.8 1185 .9906 4 4865 .27
27.8 754 .37 € 137 .54
45.8 758.78 S 147 .27
75.8 1613.108 € €6 .39
146. 9 700 .00 7 14 .48
276.8 S534.10 2 131 .68
459.0 184 .85 2 49 .25
7500 .a 134 .39 5 5S8.84
14209 .6 77 .89 4 .97
270080.90 69 .23 4 19.45
STA. ID_CM#48 EW NO FREQG= 14
FRE® AP-RES N 0BS STD ERR
4.5 ¢€88.14 & 56.328
7.5 4506.12 S5 292.97
14.8 286.A45 8 18, .32
27 .8 28B2.06 S 3.79
45.9 132 .04 6 6.18
?75.8 129.62 € 15.68
1490.8 162.61 7 5.48
27a.9 173.9°7 € 5.63
4580.8 164 .11 S 16 .73
750.6 84 .38 K 14 .76
4588 .8 1928 .55 7 19 .37
7508 .8 52.47 7 2.27
14008 .08 40 .85 6 .37
271308 .0 61.21 S 1.88
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FROJECT=RAHA

STR. ID_CHM#49 NS NQ FREQ= 12
FRER AP-RES M QES STD ERR
4.5 2946 .29 3 282 .21
7.5 4385 .19 re 79.35
14 .8 1849 84 8 235.11
27.9 1363.49 S 32.48
45. 8 712.93 S 198.78
759.8 815.94 e ga .27
1489. 8 588.52 ] 31.18
278.8 461 .68 ) 7.9l
45004 .0 59.16 4 5.36
75089 .9 12.324 3 1.81
14009 .9 4 .31 S .47
27800 .8 7.47 S5 2.97
STR. ID_CM#42 EW HO FRE@= 13
FRER AP-RES N 0BS STD ERR
4.5 1790.080 4 128 .01
7.9 1544 .S58 € 1u8 .28
14.9 973 .44 ] 595.295
27 .8 666.49 i1 58.58
453. 8 615.98 4 11.85
v9.89 658.38 1) 68 .39
1406. v 576.83 =] 22.69
278.98 186.1¢ 4 12.38
4%a8.8 218 .33 4 6.25
45848 .2 47 .56 3 2.51
7589 .0 27 .26 8 .76
14008 .0 16.77 7 1.33
27908 .9 8.83 4 B2
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PROJECT=RAHA
5TA ID_CHM#%$52 NS NO FREG= 11
FRE®R AP-RES N DBS 270 ERR
7.5 242.74 4 37 .99
1493 143 . g2 & 11.55
27.8 127 .87 [ 5.48
45.0 47 .63 4 2.45
7S5.8 49 .92 2 5.18
149 .9 38.52 & £.62
279 .9 33.23 5 5.7
450 .4 12.58 S 2.14
4508 .9 9.062 4 .33
75608 .0 5.89 7 .24
27990 .9 7.48 7 .52
STA ID_CM$52 EW NO FRED= 12
FRED AP-RES N OBS STO ERR
4.5 73.48 2 g3.18
c.9 36 . &4d 3 1.654
14.8 31.23 6 1.74
27.0 23 .43 S 1.64
S.0 21.82 7 .72
?°5.9 24 .82 & 1.9z
149 . @ 31.48 7 2.23
278.8@ 30.91 7 1.51
450 .9 37.92 & 1. .44
75602 .0 13.62 S 2.25
14090 . v 18 .37 3 1.57
27368 .9 35.46 2 2.45
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FROJECT=RAHA

PROIECT=RAHA

STA. TD_CM#3H NS NHO FREG= 14
FREQR AP-RES H 0OBsS STDO ERR
4.5 118,843 S 11 .60
v.S 125.138 € 11.098
14.8 131.15 () 13.21
27.9 149 .57 K 12. .58
45.88 128.85 4 23.89
75.8 126.86 & 15.29
148 .82 234 .18 5 5.28
2700 97V .73 € 18.25
459 .3 29 .57 3 13 39
7994 3%.2¢ K] 11.18
4509 .9 36.97 32 5. .63
750e.a 17.31 v 2.7e
143909 .9 19 .98 S .58
27709 9 g.65 7 .74
STA  ID_CM#50 EM NQ FREQ= 13
FFREQ AP-RES N OBS STD ERR
4.5 8¥7.2%8 2 5,564
7.5 9095.8¢ a 21.53
14. 8 737.19 2 32.589
27.6 539.vv 3] 59 .84
45.89 445,81 I 15.58
5.8 444 .88 1 35.82
149 .8 327 . 39 4 12.959
278.8 207 .25 S 41 . 1€
458.8  152.43 2 13 .69
450¢ .9 53.95 S 5.24
75009 11.2 S 1.45
14AR8 .3 14 .59 S 3.25
27ARv B 11.31 S .48
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STA. ID_CHM#S1 NS NQ FREQ= 13
FRER AP-RES N 0BS STO ERR
4.5 48399 .k48 4 929 .32
7.5 29091 .49 =] 131 . &
14 .9 2803.70 <4 259 .86
27 .0 1823 .48 Vo 7?7 .%¢6
75.8 §850.09 7 15.49
148.8 49068.09 & 11.55
278.8 288.60 [ S8 .54
458.8 246 .22 4 56 .96
7598.8 220.84 7 15.7V9
4500 . 0 ‘a.98 3 11.82
7569 .8 51.%248 4 1.83
143948 9 31.2n K3 I.66
279808 .9 23 .82 3 2.41
STR ID_CHM#S1 EM NO FREG= 13
FRER ARP-RES N 0OES 37D ERR
4.5 185.75 2 35.29
7.5 17B.26 ] 17.15
14 . 8 154.28 ] 7.78
27.9 ve.23 7 217
45. 9 55 .5% ] 2.69
75.08 59.8¢6 3 5.26
149 .9 44 323 9 2.49
270.4 40.23 s 2.94
4599 .9 28.69 4 2 23
4508 .9 63.93 2 2,136
7569 .9 20.71 S 1.22
14900 .9 15.81 19 .78
27998 .9 9.73 Y .97
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PrRO.JECT=RAHA

STH ID_CM Sg NS NQ FRER= 12
FFRE®D AP-RES H NBS STO ERR
14 .4 344 .57 3 85 .21
27.8 S517.75 3 nS. 21
45.8 555.16 S 1792.11
5.8 319.3%8 S 45 .51
143 .83 329.76 4 33.58
278.9  377.82 4 33 .59
45@.3 433.58 S 21 .35
7o59.84 292 .51 K3 83,54
4560 .3 339 .22 3 13.85
79a0.8 149 29 4 15.2¢8
14939 . 3 175 .89 3 1.71
27v68 .86 285.58 7 14 .77
STA ID_CM 598 EW NO FREQ= 12
FRED AP-RES N OBS STD ERR
7.5 4341 .84 5 345 .60
14.8 3177 6@ 7 133 .89
27.D 16600 .89 3 45 .88
4% A 1A76 .28 7 21.5
’S.8  757.22 6 24 . 326
148. 8 634 .48 & 41 .28
79.3 534 69 =Y 61 .21
S8 A 283.4Z S 31.951
45AY .1 239 .47 3 38.24
7508.8 197 .90 3 7.69
143080 .8 167 .92 4 Q.27
2700@.8 3934 .71 e 27 .67
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PROJECT=RHAHA
STA 1D0D_.CH €1 NS NHQ FRER= €
FREQ AP-RES H 0OEBESZ STO ERR
14. 8 6822 .23 5 435 .53
27.8 1222 .58 4 252 .77
45.8 S537.713 S 25.281
75.06 1688.66 7 238 .51
148, 89 842.28 S CE
278.8 576.10 S 57 .94
STAH ID_CM 61 EW NO FREG= 11
FREG HP-RES N 0OBS: STDO ERE
7.5 3775.64a & 239 .55
14.8 1811.7@ & 54 .22
27.8 918 .53 7 32 .99
45.8 511.14 & 23 .42
7S5S.8 428.22 S 15.23
149. @6 371.53 a 3z.17
v8.6 2388.12 4 14 .9¢
45088 .9 182.19 4 S. 44
75R9 .06 r3.2¢a 4 2.47
14999 .9 £3.93 S 2.43
2718260 .9 89 .57 S 4 .94
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PROJECT=RAHA
ST ID.CM &3 HS HQ FREQ= 12
FRER AP-RES H 0OES STD ERR
7.9 S1259 Zo S 215.24
14.3 35506 .28 3 245.39
27 .9 1746 .29 4 53 .68
45 .8 932 3é & 97 .53
75.8 731.72 7 54 .96
149 . 8§ 433.74 S 5.47
Z7a.a 133.28 v 39.98
2Fe.0 1et . ag S 392.12
459 .3 21 .35 2 )
4568 19 38 4 .41
14800 0 4 .48 S .41
2700 Q4 2.97 < .26
STR. ID_CM 63 EM NO FRER= 11
FRE®! RP-RES N ODOES STD ERE
F.9 1956 .60 = 128.7
14 &8 3B32.72 S 44 KBS
273 245 .21 6 3.17
S.a 221 .10 € .21
TS0 132.33 ) 13.37
{4 @ 39 .18 & 4.53
279 .4 26 .24 3 32 .09
458 .4 7. 40 4 TE
4508 0 15.29 4 .58
79R9 .4 5.1%9 4 .49
14849 3.76 4 .78
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PRN.JIECT=RAHA

STR ID_CM 64 NS NO FREG= 11
FRED AP-RESX N DES STD ERR
27.8 9435 .89 4 1386 .20
45 .8 49032.79 4 K22.1¢8
75.8 4522 .69 3 156 .08
14v.06 1349 .60 4 176 .56
27a.0 796 . 33 3 121.895
458. 9 221.89 4 55.42
TSQ.8 33.004 K .57
4509 .9 33.08 4 4 22
7500 .1 23.33 S 3.04
14368 @ 5.@5 5 1 .61
2713Ag . v 4. 65 3 .27
STR. 10_CM 64 EW HO FEER= 12
FRE® AP-KRES H OES STO ERR
7.5 3995.70 2 215 .49
14 .9 1S72.26@ 3 143 26
27.8 345.82 ) 12.42
45.9 219 .49 4 2.95
79.a 123.63 5 12.2
14¢ @ 144 @4 3 5.99
279.9 43 .73 4 S.97
450 .6 47 .62 4 2.49
45909 .1 3.12 4 2.69
7506 .4 S.98 3 1.1¢
14329 .0 3.29 4 1.59
279648 .9 €.18@ 4 1.17
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PROJECT=RAHA

STA. ID_.CM 65 NS MO FRER= =
FRED AP-RE= H 0BS STOr ERR
14 822511 .pa = 1123 .40
27.915484 . 60 4 422.45
45.8 8286 .51 6 543 .96
75.0 7012.4a & £39.82
140.0 6B16 .64 ] 237 .85
278.8 5785.29 & 312 .00
458 .9 5996 .63 4 172.15
758 .8 T53.12 2 14 .96
14000 . 8 267 .89 S .24
STAR. ID_CH €5 Ei ND FRER= 3
FRE® RP-RES N 0BS STD ERR
7.5 2248.608 7 152 54
14.8 1333.909 7 132.23
27.8 ?72.56 S 55.16
45.8 839.25 S 135 .54
?S5.8 KR3I2.7H 3 21.71
1d0.0 874.49 4 114 .41
279.8 430.83 3 7.78
459.8 354 . 40 2 5.658
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FROJECT=RAHA
STA ID_CH &€& NS NO FREG= &
FPEQ AP-RES N OBRS STD ERR
7.5146815 .00 2 3529 .2
14 . 911532 .16 4 431 .39
27 .9 3079.¢68 3 582.77
45 .8 3060 .60 S5 432 .80
¢5.8 2837.340 7 239.32
148 .8 1c83.99Y 16 32.57
273.8 1606 .06 3 34 .89
14106 .6 42.79 4 53
STA. ID_CH 66 EW NHO FRER= 3
FRPELD AP-RES N 0OBRZ STO EPR
7.5 2773.328 4 132 &2
14.8 1522.79 7 32,59
27.8 782.41 € 34 .29
45 .9 4569 .79 4 21.88@
75.8 369.8°2 5 25.50
14da. 6 256.852 S 42 37
27a.8 157 .31 S 15.60
14000 .0 40 .70 S 12.88
27608 .0 3v.78 3 5.79
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PROJECT=RAHA

STRA. ID.CHM 67 NS NO FREQ= 2
FRER AP-RES N QBS STOD ERR
14. 8 1476 .94 6 131.42
ar.@ 9247 .67 4 133.25
45.8 758.46 4 21 .39
v95.8 725.71 4 64 .99
146. 49 585 .82 ) 99 .34
279.9 799 .38 7 67 .52
459.9 18313 .68 4 z2n3 .54
140084 .9 .43 S .91
STA ID_CHM 67 EW NO FREG= 7
FRED RP-RES N 0OBS STO ERR
7.5 8455 .89 4 472.69
14 . 8 3445 .20 4 143%.82
27.9 1¢?3.29 4 29 .26
45 .9 1983 .16 s 71.083
7S3.8  B49 .85 4 26 .62
{4v.8 357.5Z2 & te . i2
278.8 331 .82w 4 24 .60
1
- APPARENT
NS RESISTIVITY(Q-md
oam=
E: Sl B s — L - o
fax] [x+] X ] D3] [\~]
[ I .- — ro [N EN o
X = + + + + ]
o
™
ﬂ_‘ —_
-1
)
IS
m
O
m =T
pal (X8 ]
Dy Q
m X 0
= = + X
o 9, x
- K
- ox
r -1 o X
~ I"‘:_. K
o+

43

PROJECT=RAHA
STA. ID.CH 63 NS NO FREG= 12
FRER AP-RES N 0BS STO ERR
7.5 8612 .48 2 474 41
14:8 4838.@ap 4 2957 .70
27.9 4505 .09 3 115.99
45 .8 35%0.¢&06 S 17 .94
75.9 745.22 5 43 .36
148.86 8&16.57 7 91 .47
2798.8 1937 .22 [ 43 .32
450.8 122.94 4 2.92
4509 .93 13.47 S 25 .89
7508 .9 r.&1 3 12 .9a
14500 .9 5.36 & 1.28
2730u .8 4.69 2 .1a
5TA. ID.CM 68 EH NO FREG= S
FREGR AP-RES N 0OBS STO ERR
14. B8 1853 .58 & n2 .37
27.8 566.17 7 34 .42
45.8 321 .47 re 16 22
7S5.8 192.68 4 12,324
i408.49 56 .48 2 1.008
. APPARENT
NS RESISTIVITY(a-md
oMz
U - - — — p— -
@ o © o o (o
N L. ® - ~n [N & o
Z o + + +
n
o
0 ]
— 1 '3
SL o
n o
A e
m =1
P} W -
m "o
z ::4_ > ]
o X Q
=< x o
- £ s}
I Lol -,‘ Py
o G’H x o o
GLA




10000

g~ 8

(ssB3sui-ayo) ALJAILSIS3Y

INFHYddY

M| e val 44 'A.l. 44 <4 | — llﬁ | —
L H W B = =
U N Y HE A I A
H4-1 = i+ Ild...i 44— R —
H+1 — —1h nfl [I—|r1 +— — It —
HA-1 i [ 4 lll\ H <+ o 41 —_
SER N G/ (RN 1.\ 4 — [ fo— | —]
H | b~ —Hd - ..ﬂn 14+ — [[He 4~ —
H— — ot -+t —— -4 s — H e D —
L N [ o]
| < 4 lx- nuz H 4 — [[H]] | 4= —
H4- |~ ../u l|/..r1 4 oo 115/!]! —
H+ F—~ —Hl x4+ HHII+ [— [+ Y+— ] —
\
Zr
1T e - -+ —— an -y | — -4 0 —e
\
M4l e N4 /ll "ns l 41 T ] o ——
wm N \

M1 F—  ~H 44 | ~ Ht 44— I+ [ 4—

o -

b=

10000 1000 100 10

100000

0=NS
X=E¥

FREQUENCY (hertz)

PROJECT- FAYYARAH

STA# SHO1

STATION__ SHO1

T

X

1x

100 1000 10000 100000

10

100000

10000

1000
100

(s-232w-wyo) S3IIATLSISIY

10

DEPTH (meters)

44



AT

100000

J I

10

10000

|
i
}
1
i
:
il
|
|
PROJECT- FAVWARAH

100
H—=

1000

ot

—
1
—
i
1
FREQUENCY (hert2)
STATION__ SKO3

DEPTH (metere)
45

100

— 4..T -+  HH -+ b—— ittt 11— —
—tH i | H Iﬁ g — H1+ —4 | — ™
> -t —_— ;.ﬁi -+ Saarmd .Lv e —— m

=

10

10000

g 8 2 B

(sSmjoutnio) ALTAILSISIY INYVdY

g

(s-23du-uyo) S3LTATLISISIY

STA# SKO3
100000
10000
1000

0O=NS
X=EV

10




Ma —4—
1 O—t—
Alx -
44 | 4o
4o =2
<4—4»d -
44 -
41

I

10000

:

(o oapu-uyo) ALTAILISISIY IN3YVddY

8

o
-

10000 1000 100 10

100000

FREQUENCY (hertz)

X=E¥

PROJECT- FAWNWARAH

STA¥# SHO2

STATION__ SHO2

B WAL

Hx

100000

10000

1000

(SJBIBU_WYO)

S3LIALLSISHY

8

10

100 1000 10000 100000

10

BEPTH (meters)

46



(YRR AN TS A N 111 R

11 ,ﬁf it u\.‘w 1|
\

L N - | (] —
UL NG - | —
TH N - J.L 44%1] H 44— [1H+H A Jo—]
1 H I R -
(NN IS HE | | - L 1 4] —-e
THN . LL e | H— J.m lﬁ L | He —
..rﬁ L U 4}_, o [ ] —
L MUY U il el —
Ul I.L #In - 1 .*l I ,_.-? LW —
L L\ U zﬁ ]
rﬁ.ﬁ 4 444+ 4= i. 4 ] - —]

10000

10

8

1000

(s o3mu-wyo) ALIAILSIS3Y INJYVddY

10000 1000 100 10

100000

PROJECT- FAWWARAH

FREQUENCY (hertz)

STA# SHOB

X=EV

STATION__. SHOB

e

-k

=X

g ]

100000

10000

1000
100

(sJo3adu-wyo) SIIIATLSISIY

10

100 1000 10000 100000

10

DEPTH (metars)

47



100000

10000

-
F T “ﬁ'
x
<
[+ 4
- 4 4+~ KA+ — ] =] — m
< < <
- .Ll 44— HHI4H — [ (=] — u .
e 4
b B e R =] ]
-
\ 2
—i nﬁfl.i S4— HR{ 141 — (H] 4= — a.
ot | 4+— "+ — B =] —

100

1000

~~
—t v;.....A.LA L.I- " 3 e i) |4 J u m
x
Rk
14 aet- | 4— H44 4 — H-] [~ — N _
I 1 g A . m g
—
=
m [’y

DEPTH (meters)

48

1000

100

|
T

1

1

10

10000

100000

g 2 -

8

1000
100000
10000
1000

(sJojau-nyo) ALTATLSISI INYVAAY (sJe3Bul-Wo) S31IATLSIS3Y

STA# SKO7

O=NS
X=EW

10




000001

00001

(s1a1ow) H1d43A

0001 001

01

d 0l 'ON WO——NOILVLS

i

9°1
s
14
€9
01
91
Y4
oy
€9
00l
091
08t
00¥
0£9
0001
0091
00§7
000%
00¢9
00001
00091

000SC
0000v

000£9
00000t

(s1230w—wyo) STIIALLSISTY

49



000001

00001

0001

(s1aw) Ld:1d

0ot

01

o

~1

c1

ON WO——NOILVLS

£9
001
091
(114
00%
0£9
0001
0091
00T
000%
00¢£9
00001
00091
0005T
0000%
000¢£9
000001

{s1219Ww—-wyo) STITAILSISTY

50



000001

00001

0001

(s112w) HLAIA

00t

01

| =)

¢T "ON WO——NOILVIS

I

9°1
14
(Uh4
£9
o1

91

Y4
oy
€9
oot
091
0§¢C
00y
0¢9
0001
0091
00s¢
000¥
00¢9
0000T
00091
000S¢T
0000¥
0o0o0£9
000001

(s3933ui-wyo) STIIALLSISTY

51



000001

00001

0001

(s1010w) H1dd4

001

01

ve

“ON WD——NOLLVLS

I

9°1
ST
oy
€9
o1

91

Y4

oy

£9
001
091
0s¢
00y
0¢9
0001
0091
0082
000v
00£9
00001
00091
000§¢
0000¥
000£9
000001

(s1apw~wyo) STLIALLSISTA

52



000001

00001

0001

(s112w) HLA3A

00t

01

—+Q

e —a

6¢ "ON WO—NOILVILS

91
14
oy
€9
ot

91

Y4
ov

£9
001
091
0st
00t
0€£9
0001
0091
00sZ
000%
00€9
00001
00091
000§T
0000¢
000€9
000001

(s1939w—uryo) STIIALLSISTY

53



000001

00001

0001

(s110w) H1dAA

001

01

0f "ON WO——NOILVIS

91
14
0y
£9

01

91

Y4

oy

€9
001
091
0§t
00¥
0£9
0001
0091
00S¢
000¥
00¢9
00001
00091
000ST
0000¥
000€9
000001

(sIjow—wyo) STLIAILSISTY

54



000001

00001

000t

(s1235w) H143q

001

01

Q

O

[€ 'ON WO—NOILVIS

1

91
14
oy
£9
01

91

Y4

oy
£9
001
091
0Sz
00t
0€9
0001
0091
0087
000%
00¢9
00001
00091
0005t
0000v
000€9
000001

(s1930w—-wyo) SALIAILSISTY

55



000001

00001

0001

(s1a10w) H1dad

00t

o1

O

=0

X

Y

¢ ON WO——NOILVILS

oot
0e9
0001
0091
005T
000¥
00£9
00001
00091

000S¢
0000%

000¢£9
000001

(s1330w—wyo) STLIAILSISTY

56



00000t

00001

(s130w) H143d

0001 001

01

£€ "ON WO——NOILVIS

1

91
14
(U 4
£9
01

91

Y4
oy
€9
001
091
0s?
00t
0¢9
0001
009t
00ST
000t
00¢9
00001
00091
000s¢
0000%

000£9
000001

(s1339w—-wyo) STITALLSISTY

57



000007

00001

(srlw) H1daa

0001 00t

01

€ "ON WD——NOLLVLS

I

91
Y4
oy
€9
01

91

§T

oy

€9
00t
091
0§t
00v
0£9
0001
0091
00S¢
000¥
00¢£9
00001
00091
000ST
0000v
000£9
000001

(se1aw—wyo) STLIAILSISTY

58



000001

00001

0001

(s1a3ow) HLJIA

001

01

€ "ON WO——NOILVILS

I

91l
st
(Un4
£9

01

91

§T

oy

£9
001
091
0st
00y
0£9
000t
0091
00s¢
000¥
00¢£9
0000T
00091
000§¢T
0000%
000€£9
000001

(s1019w—wyo) SALIALLSISTA

59



000001

00001

000t

(s1912w) H1ddd

001

ot

—)

9¢ "ON WO—~NOILVLS

1

91
14
(U4
€9
0l

91

14
oy
£9
001
091
0st
0ot
0e9
0001
0091
00S¢
000V
00¢£9
00001
00091
000s¢
0000t
000¢£9
00000t

(s193ow—wyo) STLIALLSIST I

60



00000t

00001

(s1212w) H1L43A

0001 001

01

i)

V 9¢ "ON WD—NOILVILS

91
14
(U4
€9
01

91

Y4
oy
£9
001
091
0§t
00v
0e9
0001
0091
00sT
000¥%
00€9
00007
00091
000ST
0000¥
000¢£9
000001

(s131w—wyo) STLIATLSISAY

61



000001

00001

0001

(s1210w) HLJAA

001

ot

O

b ®)
Q

S LE

ON WO——NOILVILS

I
91
L4
oy
£9
01
91
§T
(44
€9
00l
091
0st
0oy
0€9
0001
0091
007
000Y
00€9
00001
00091

000S¢
0000¥

000€9
000001

(s1330w—wyo) STIIALLSISTY

62



000001

00001

0001

(s:y2w) H143d

001

ot

8¢ "ON WO——NOILVILS

¢

91
§t
(U84
£9
01

91

14
oy
£9
001
091
0S¢
00¢
0t9
0001
0091
005T
000y
00€£9
00001
00091
0005¢
0000¥

000£9
000001

(s1239w—wyo) STLIALLSISTA

63



000001

00001

(s1915w) H1dad

0001 001

01

0

6f ON WO——NOILVLS

1

91
14
(14
£9
01

91

ST
oy

£9
001
091
0st
0oy
0€9
000T
0091
00sT
000¥
009
00001
00091
000sT
0000Y
000€9
000001

(s1930w—-wyo) STLIAILSISTA

64



000001

00001

0001

(s11ow) HI4AA

001

o1

Ob “ON WO—NOILV1S

9°1
§T
od
£9

01

91

Y4

oy

£9
001
091
0S¢
00
0e9
0001
0091
00s¢
000¥
00¢9
00001
00091
000ST
0000¥
000¢£9
00000t

(s1219W—wyo) STLIALLSISTYE

63



000001

00001

000t

(s1a15w) HL4AA

001

01

ﬁ/

i ON WO——NOILVLS

1

91
194
ov
£9
ot

91

1Y
oy
£9
001
091
(114
00¥
0£9
0001
0091
00ST
000%
00€9
00001
00091
000sT
0000Y

000€9
000001

(s191w—wyo) STIIAILSISAY

66



000001

00001

0001

(s1230w) HL4IQ

001

ot

o
G

v "ON WO—NOILVILS

9
T
oy
€9
ot

91

sz

ov

€9
oot
091
082
00y
0£9
000T
0091
0057
000%
00€9
00001
00091
00057
0000¥
000€9
000001

(s1910w—wyo) SIIALLSISTY

67



000001

00001

000t

(s1210w1) HL4AA

001

01

=

£ "ON WO——NOILLV1S

91
§t
oy
€9

o1

91
Y4
oy
€9
00t
091
0st

00v
0€9

0091
00§Z
000t
00€9
00001
00091
000ST
0000t
000¢9
000001

(s1939w—wyo) STLIAILSISAY

68



000001

00001

0001

(s1930w) HLdAd

001

ot

[0

v "ON WO—NOILLVIS

91
§T
oy
£9

o1

91

174

oY

£9
001
091
0§t
00t
0e9
0001
0091
00sT
000¥
00€£9
00001
00091
000§¢
0000%

000£9
000001

(s11w—wyo) STLIAILSISTH

69



00000t

00001

(s1310w) H1d3d

0001 001

01

o)

St "ON WO——NOLLVLS

91
st
oy
€9

o1

91
134
oy
€9
001
091
0st

00y
0£9
0001
0091
00§T
000¥
00£9
00001
00091
000ST
0000¥
0009
000001

(s1235w—wiyo) SAIIALLSISAY

70



000001

00001

0001

(s1230w) H1d3d

001

01

L

Lt

ON WO——NOILV1S

91
§T
(104
€9
0l

91

§T
)4
€9
001
091
0sT
00Y
0£9
0001
0091
005¢
000¥
00¢9
00001
00091
0005T
0000¥
000¢£9
000001

(s11PW—-wyo) STLIAILSISTY

71



000001

00001

000t

(swrow) H1L4AA

001

o1

-0

8% "ON WO—NOILV.LS

91
§T
oy
€9
01
91
sT
oy
€9
oot
091
0sT
(V4
0t9

0091
00$¢
000t
00¢9
00001
00091
0002
oooov
000t9
000001

(s13w—wyo) STIIAILSISTA

72



00000t

00001

000T

(s1910w) HL4AA

001

01

o

6t "ON WO——NOILVIS

9t
14
o
£9
ot

91

154

or

£9
001
091
(UY4
00t
0e9
0001
0091
0087
000¢
00£9
00001
00091
000S7
0000¥
000£9
000001

(s1919w—wyo) STLIALLSISTY

73



000001

00001

0001

(s11w) HI4Id

001

114

0S "ON WO—NOLLVL1S

1

91
§T
oy
€9
01

91

Y4
oy
€9
001
091
0s§?
00¢
0£9
000T
0091
00ST
000%
00€9
00001
00091
00052
0000V
000£9
000001

(s1933w—wyo) SLIALLSISTY

74



000001

00001

0001

(s1930w) H14A4d

001

01

—0

1S "ON WO—NOILV.1S

1

9°1
§T
(14
€9

o1

91

Y4
14
€9
001
09t
0s¢
00%
0£9
000t
0091
00§¢
000v
00£9
00001
00091
000§¢
0000¢

000£9
000001

(s1930w—wyo) SATIAILSISTY

75



000001

00001

0001

(s112w) HL4AA

001

01

o
o

=0

TS 'ON WO—NOILVIS

I
9°1
st
(U 4
€9
01
9l
st
oy
€9
001
091
0sZ
00y
0e9
0001
0091
00T
000¥
00£9
00001
00091

000S¢T
0000%

000€9
000001

(s1939w—wyo) SFLIALLSISTH

76



000001

00001

0001

(s1ow) H143d

001

01

09 "ON WO—NOILV1S

9°1
14
(184
€9
01
91
Y4
ov
£9
001
091
0S¢
0ot
0€9
000t
0091
00S¢
000¢
00£9
00001
00091

000s¢
0000¥

000€9
000001

(s1030w-wyo) STLIALLSISTY

717



000001

(s1230w) HL49d

00001 0001 001 4]
41 {4
q
g
[O.l..-

19 "ON WO—NOILVLS

1

9°1
§T
oy
£9

01

91

174

or

€9
001
091
1174
00¥
0¢9
0001
0091
00ST
000¥
00£9
00001
00091
00052
0000¥
000£9
000001

(s1a1ow—wio) STLIALLSISTY

78



000001

00001

Q001

(s119w) HL43d

001

o1

£9 "ON WD—NOILV.LS

91
§T
(184
€9
01

9t

$T

oy
€9
001
091
0S?
00y
0£9
0001
0091
00¢€T
000%
00€9
00001
00091
000S¢
0000¥
000€9
000001

(s1a1ow—wyo) STIIAILSISTY

79



000001

00001

(s1315w) HLAAA

0001 001

01

#9 "ON NO—NOILVLS

91
§T
oy
£9
01

91

Y4
ov
£9
001
091
0sZ
00t
0t9
0001
0091
00§7
000t
00¢9
00001
00091
000sT
0000
000€£9
000001

(s1912w—-uryo) SFLIALLSISTY

80



000001

00001

0001

(s1910w) HL4AQ
001

01

—R
6

$9 "ON WO—NOILVLS

91
§T
oy
£9

01

91

§T

oy

£9

001
091
0sT
00
0£9
0001
0091
00ST
000+
00£9
00001
00091
000s¢
0000
000£9
000001

(s1310w—wyo) STLIALLSISAY

81



000001

00001

0001

(s110w) HL4AA

001

01

99 "'ON WO—NOILVIS

91
14
(V4
€9
01
91
Y4
oy
£9
001
091
0s¢

00%
0¢£9
0001
0091
00§t
ooov
00£9
00001
00091
000§T
0000t

000€9
000001

(s1933w—wnyo) SALIAILSISTY

82



000001

00001

0001

(s1212w) HLJIA

001

o1

N

Oyt
|

£9 "ON WO—NOILV.LS

91
14
ov
£9
01

91

ST

oy
€9
001
091
0st
0or
0£9
0001
009t
00S¢T
000%
00¢9
00001
00091
000sT
0000V
000£9
000001

(s1930w—wyo) STLIAILSISTA

83



000001

00001

0001

(s1°w) HLdIA

001

01

=19

r
N

89 "ON WO——NOILVIS

91
§T
oy
£9
01
91
114
or
£9
001
091
(1174
00v
0t9

0091
00sZ
000%
00£9
00001
00091

000S¢
0000¥

000£9
000001

(s1o10u—-wyo) STITALLSISTYA

84



000001

00001

(sw12w) HL4AA

0001 001

01

o_—f
|

Q.—
;
L

IA "ON WO—NOILVLS

[

91
§T
(184
€9

01

91

1Y4
oy
£9
001
091
0st
0oy
0£9
0001
0091
00$¢
000%
00¢9
00001
00091
0005T
0000¢
000¢9
000001

(s1979w—-wyo) STIIAILSISTY

85



000001

00001

0001

(s112w) H1dId

00t

0l

TA ON WO——NOILLV 1S

9°1
14
(VR4
€9
o1

91

Y4
oy
€9
001
091
0s¢
00%
0e9
0001
009t
00S¢
000%
00£9
00001
00091
0005¢
0000¥

000€9
000001

(s19y2w—wyo) SALIAILSISTY

86



000001

00001

(s10w) HLIAA

0001 00t

01

-q

Q

€A "ON WO—NOILVIS

1

91
14
(134
€9
01

91

Y4
oY
€9
001
091
0s¢
00y
0£9
0001
0091
00§17
000%
00£9
00001
00091
000ST
0000¥
000€9
000001

(s1930w-wyo) STLIALLSISTH

87



000001

00001

(s1930w) H1d43Q

0001 001

01

A "ON WO—NOILVILS

91
14
(V4
€9
01

91

Y4
oy
€9
001
091
(114
00t
0€9
0001
0091
0052
000t
00£9
00001
00091
0005T
0000¥
000€9
000001

(s1319w—wyo) SAIIAILSISTH

88



00000t

00001

0001

(s1w) H144d

001

01

SA ON WO——NOILVIS

I

91
§T
(U4
€9
o1

91

Y4
oy
€9
001
091
0se
00v
0€9
000%
0091
00s¢
000¥
00£9
00001
00091
000sT
0000y
000¢9
00000T

(s1a1our-wyo) STLIALLSISTH

89



000001

00001

(s1a12w) HLdAd

0001 001

01

9A "ON WO——NOILVIS

I

91
§T
oy
£9
01

91

St

oy

£9
001
091
0§t
00¥
0£9
0001
0091
008¢
000t
00£9
00001
00091
000sT
0000%
000£9
000001

(s1a19u1—-WYo) ST LIAILSISTY

90



000001

00001

0001

(s132w) H1ddd

001

01

i

to

8A

ON WO——NOILVILS

1

9l
14
0d
£9
01

91

§T
oy
€9
00t
091
0§t
00y
0£9
000t
0091
00ST
000¥
00¢9
00001
00091
000s¢
0000%

000¢£9
000001

(s1910w—~wyo) STLIAILSISTY

91



000001

00001

(s110w) HLJAd

0001 oot

01

17

6A "ON WO—NOILVILS

I

91
§T
o¢
£9
01

91

174

o¥

£9
oot
091
0s?
oot
0£9
0001
0091
00ST
000¢
00€9
00001
00091
000ST
0000t
000£9
000001

(s13ow—uryo) STLIAILSISTA

92



